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STATIC STABILITY AND MAGNUS CHARACTERISTICS OF THE
U. 8. RAVY 1,000 POUND LOW-DRAG EOMB AT
TRANSONIC SPEEDS

Prepared by:

J. E. Greens

ABSTRACT: The Magnus and static stability charsctaristics of a 0.21k.
scalu model of the U. 8. Navy 1,000 pound Lov-Drag Bomb haye been
ohtained from transonic wind-tunnel tests at angles of attack up to 22 .
dsgrees and for various free-stream Reynolds numbers. The variation in
gtatic sercdynanmic ccefficients dua vo roll orientation of tha bomb
through the range O - 160 degrees and drag effects due to the addition
of external mounting lugs were slso investigated. The tests wvare
conducted by NOL in the Cornell Aercmautical Laboratory 4 x 3 foot
transonic test facility. *

The results of the teat indicate that the Magnus characteristics of the
bomb are linsar with rotationel speed and non-linear with angle ol attack.
Variation in the free-stirsam Ruynolds mmber ia seen to affect the meagured
Magnus characteristics appreciably at all Mach numbers and anglas of attack.
It is furthsr shown that aignificant changas in the pitch, yav, and roll
momgnts may be axpocted to sccoumpany variations in the roll orientation of
th.bmho
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This report presents the Magnus and static stability characteristics
of a 0,21%-scale model of the U. S. Navy 1,000 nound low-Drag Bomb at
trangonic speeds. The data were obtained in vlhe 4 x 3 foot transonic
test facility at the Cornell Aeronautical lLaborstory in Buffalo, New
York under task number 803-767/73003/01. Special instrumsentation
raquired to gpin the model and measure dynamic forces and momenta vas
furnished by the Naval Ordnance laboratory.

W. W. WILDOURNE
Captain, USK
Ccmmander

H. H. XURZWEG
By dirsction
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STATIC STABILITY AND MAGNUS CHARACTERISTICS OF THE é'
U. S. NAVY 1,000 POURD LOW-DRAG BOMB AT *:
TRANSONIC SPEEDS |

INTRODUCTION !

1. The Lov-Drag Bomb family stems frcm an extermal-store design originally
develcped by the Duug'ss Aircraft Company. The bombs of the seriea are
gecmetrically similar in shape but vary in weight from 250 pounds (Mk 79)
t0 2,000 pcunds (Mk 82). For the purpose of the investigation reported -
herein, the 1,000 pound bcub, Mk 81, has been chosen as the rspresentative .
bomb to which all test paramaters have been referred.

2. During inftial field evaluation apd development of the Lowv.Drag Bomb,
it wvss cbserved thai on occasion the tomb would develop large pitching and :
yaving motions during the course of {ta trajectory. Subse&quently it vaas i
conJectured that the cause of this stmavhat erratic motion ateamed from
the combined offects of the rolling motion, the pitch and yaw frequency,
and the resulting yuv snd Magnus moments vhich arise due to the roll and :
pitch characteriatics of the bamd (refarence a). In order to chtain ?

. experimental data that vould help to explain such erratic missile motion
a8 vas observed, the Bureau of Ordnance directed the Naval Ordnance

laboratory to lavestigate the aerodynasmic characteristics of tha tomb.

3. As part of the subsequsni Low-Drag Bowb program, NOL has conducted tests
in recent months to determine the Magnus and static stability characteriastics ;
of tho bomb at low-tubsonic speeds (V & 250 feet per second), refarence (b). f
More recently, NOL hos tested the bomb in the Cornell Aeronautical lLahoratory

test fucilities to detormine the transonic asrodynaaics of the coafiguration X
at angles of a%tack up to 22 degrwes and Mach nuabers from 0.60 to 1.25. g
4. Using a 0.21%-scale model of the boab, six-coaponent static data and 1'
Magnus force and moment charactsristics were neasured at apin rates ecaled !
fraa the 1,000 pound boab, , The Mn.geus data wvere obtained at free-stream !
Reynolds numbers of 2 x 106, & x 100, and 6 x 105, based on modsl total length.

Static coefficients were obiained only at a free-stream Reynolds nundber of

4 x 109, The figuree showing static stability coefficients are preseated in

graphical form only for representative Mach numbers; however, a ccmplete

liating of the static coefficisnts for all tast Mach numbers are tabulated

ic Appendix I.

Symbols
A paximum body cross-sectional area (sq. ft.)
CA axial force coefficient
Cy normal force coefficiant = M/qn

1

laﬂ-(v?rn-:.ﬂl. -
st RIS b
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Symbols (Cont'd)
side force coefficient = Y/qA
rolling moment coefficient = My /qu

pltching moment coefficient referred to the center of
gravity = M ¢ o /qAd

yaving moment coefficient referred to the center of
gravity = My. o /and

Magnus force coefficlent (side force coefficient dus to
spin) = Y _ 1 2V
F "qh " 4d

Magnus moment coefficient (yaving moment coefficient dus to
spin) = a“uc.g. 1 2v

‘) p . QA . a?
slope of normal force coefficient through a » O degress
slope of pitching mcment coeflicient through o = O degrees
maximuz body dizmeter (ft.) = 1 (one) calider
body length (ft.)
rolling moment (f¢.-1bs.)
pitching moment referr+d to the center of grav.ty (re.-1bs.)
yaving moment refarred to the center of gravity (f%.-lbs.)
drag force (1bs.)
normal force (lus.)

side force (1bs.)

body rotational speed (radians/sec) - positive when model is
rotating clockvise as vieved frcm the base

dynamic pressure (1lbs./sq.ft.)
Reynolds niumber = _2;(!“_&'_

free-stream velocity (ft./sec.)

absolute coefficiant of viscosity of air (1bs.-see./f%.3q.)
air density {slugzs/cu.ft.)

]

[
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Sywbols (Cont'd)

3 angls of attack (dagrees)
P angls of yaw (da{;rooi)
¢ model roll angles - positive vhen modsl 1s rollasd clockwise as

vieved from ths base

Test Apparatus and Procedure

S. The tests ware conducted using the Cornell Aeronautical laboratory

4 x 3 foor transonic cert. The cart is essentially s separate tact
saction which can be placad in the normal 10 x 12 foot vwind-turuncl teet
secticn. Spesde up to about Mach number 1.25 can be obtainad. Normal
sngle of stteck renge 1is limited to approximstely 4+ 15 degress. Howwer,
for angles above 15 degrees, a "dog-leg" eting adapter may be used to
extend the angle of attack range in one direction. Iurther information on
the Cornell tegt facility maw he found in reforeacs {c).

6. The partinent dimensions of ths homd configuration and the datails of
the mounting lugs are shown in Plgure 2. In order to test at angles above
20 2egrees, the model lsngth wes lirmited to sppreximately 25 inches and the
zaximum body diameter to 3 inches. Modal spin wvuis provided dy a 7 H.P.
24,000 RPM, vsrisble frequency, water-cooled motor mounteéd on the forvard
and of & strain-gaged balance beam. The motor wis interuslly geared to the
model by a 4.2:1 reduction gear. dtrain-gage lseds, motor vires, eod vater
tubes were couplsd to their respective pover sourcés by mmning thy leads
through & hollow center core in the sting. Model spin w3 ssasured dy a
tachametar mountsd ia the rsar of the »0tor section. TFrom D@ tachometer
signal, the spin rate vue recorded in revciutions per ziouts on s Berkeloey
EPUT counter.

7. Magnus forcws and moments acting on the aodel wore measursd by theans of
a four-component strain-gsge halance designed axd manufactured by ths

NYaval Ordnance laboratory. Since it was desirable tc cbtain the wariation,
if any, of the stability coefficients between a "minimum" spin rate (i.s.,

a spin rate Just sufficient to "average’ the normal forces and pitching
momenta dus to static roll orisntatione-cpproximately 30 RPM) and the
maximum test tpin rate of 2,C00 RFM, the balance was ais0 designed to measure
norwal forces anl pitening moments. Both the Magnus and “static” atability
characteriatics were cbtained up to 22 degrses angle of attack {n incruments
of four degrees. Tesat procedure for the Magnus measuremants waad to set the
model at the desired angle of attack and 3lowly advance the model spin to
the maxinum rats. The output 3ignals of the 3trasin-gages masuring Magnua
forces and uoments were suitahly amplified and supplied to the pen drive

an 4 tWo-chennel, lLoeds and MNorthrup, Cpeed-0O-+eax recorder. 3y modifying
the conventional time drive of the racorder chart to inclule a gservo-motor
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driven by the model tachemeter sigmal, it wvas possible tc position the
chart as a function of the model rotational speed and thus obtein a
"trace” or record of the Magnus moment and pitching moment about each
of the gage sections as & function of model spin rate for sach angle of
attack. However, due to the inability of the recorder chart to follow
a tachometer signal corresponding to approximataly 50 revolutiors per
minute or less, it wag necessary to extrapolate the moment "tracee" to
zaxo rotational speed in order to obtain an initial slope through zero.

8. Sixeccaponent static neasurements ca the bomd were obtained using the
CAL B-112 balsnce (refersnce d). Free-stream goynom nuaber based on
total model lengtk was kept conatant at & x 10° throughout the static
neasurements. Siz-component data were obtained only to 22 degrees angle .
of attack for selacted model roll positions from 0 degrees to 180 dagrees.

Data Reduction

9. Witkin the experimental error, the Negnus moment "traces" obtained on
the¢ recorder charts vers found to be linesr with model i1otaticnal speed.

It was sufficient, therevore, in determining ctocefficients, to use only

the differance In the gage Magnus moment bLetween the axtrapolated zero RPM
valus and 2000 RPM. From this velue; the Magnus coefficients, CY and Cyy .,
veors converted to non-dimensional form by tbe relations p

Cpp = 2L, 20 1

Norwal force, pitching moment, side force, yaving moment, roll woment, and
drag ware sduced to the conventional coefficient forus as shown in the
saction under Symbols.

Preacision of Data

10. The precision of the Magnus data cobtained during the teat is somevhat
poorer than would be dazircble. 3Since it was necessary that the Magnus
balance meagure relatively amall forces and momenta (Magnus forces in tha
order of 10 percent +o 20 parcsnt of the expected normal forcss), =4 a
consequance it was slso sensitive to any random model cscillationa or frese-
stream disturbances. TFrom previous experience, it waa expected that the
reconier tracas would show that the model was experiencing a ccmavhat
erratic, high fraquency amall omplitude cscillation. Oscillations of this
type ar i not surprising in visw of the flexible balance used and the
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relatively high rotational speeds attained during the test. Past
experience in similar tasta has indicated that cevere buffetting of the
model will often occur at anglesa of attack above 10 to 15 dagrees,
depending on the spin rate and general configuration of the model. As

a consequwknce, the "Magnus traces"” consistad of "bands’ vhose limits
vers the maximua and ainimm pesks ¢f the high-frequency mocdel cscilla-
tions. The value of ths Magnus mowent at any spin rate wvae then assumed

to be the displacement o0f a point, on a msan line through the fluctuationd,

relative to any indicated moment due to static sids forces vhich aight
arise at zero spin rate. Taking into account the model csciliations,
Plus the uncertainties involved in determining the test paramsters,
physical measuremants and readsr error, the probable error in the Magnua
coefficients at various angles of attack has been estimated to have the

folloving valuae: .
a = angle of attack “ %y
K0 +0.3 + 0.2h
12° + 0,45 *+0.49
22% + 1,00 +1.03

11. In viev of the fairly large uncertainties in the Magnus data <.

plus the relatively emall] angle of attack correcticn indicated by a
deflection load calibration, it wvas thought unpacessary to correct the
Magnus data for pitch daflection loads at angle of attack. All the Magnus
duta shown in this report tharefore are presented for irndicated angles of

attack omly.

12, Uncertainties i{n the etatic data have been estimated from repeated
meagurements to be as follovs:

Cy ¥ .00k
Cme.g. : .0099
Cy * 0033
Cy, g .00k5
) + .0061
Cy + .0035

5
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Discussion of Resulta

13. VWith the advent in recent years of reliabls dynamic test techniques,
it has became of increasing value to include measurements of the Magnua
forces and moments ir wind-tunnel development tests of spinning, fin-
stabilized configurations. Unstoble flights of Weapon A and the G-inch
Test Vehicle (references e and f) together with eubsaquent calcwlations
and dynamic wind-tunnel reasurements, Lave btorne cut the naceesity for
Magnus mgagurements and their inclusion in the method of predicting the
stability performance of any spinning, fin-stabilized configurationm.
Accordingly, developmental vind-tunnel tasts of ths lLov-Drag Boamb have
included neasurements of the Magnus forces and momente acting on the bowb,
at spin retad ard anglee of attack ccaparsblc to those which might be
expected in free-flight tests.

1%, PMgures 3 through 1l present the Magnus force and aoment coefficiente
of the bonh ag & funstion of angle of attack for verious Reynolda numbers
and h nubers. _The free-stream Reynclds mmbar vas held constant at

2 x 100 and b x 108 (based on total model length) fop two separate Mach
mmber rung from M = 0,80 to M = 1,25, and at S x 10° for a third Mach
number run ranging oniy from M w» 0,60 to ¥ = 0.95,

15, Examimaiion of Figures 3 through 10 shows that the variation of the
Magnus coefficients i3, in general, non-liusar with increasing angle of
attack. This is markedly g0 for the Magnus coefficients at free-strean
Reynolds numbars of 2 x 100, At this Reynclds oumber, the Magmus mcuent
varies frca negative values at M = 1.25 at all angles of attack, to
positive valuss at a Mach number of M = 1.0C and below., The change ia
aoment ig dve to oppositely directed Magnus forces rather than to nocvement
of the _ceonter of ssure, At the higher free-streax Reynolds numbers of
b x 109 and 6 x 105 the Megnus moment is positive throughout the respective
ragge of test Mach numbers. An explanation for the "reversed” Magnus
forcas is ¢t readily availablea. However, it has recently been observed
by scae experimenters (reference g) that at lov subeonic speeds it is
poscidble to generate sither positive or nagative Magnus forces, for
exazple on a spinning cylinder in cross-flov, by varying the local Reymolds
nuzber around the pariphery of the cylinder in such a way as to cause
asymoetrical boundaryelayer transition and/or separstion. In this manner,
tha pressure distribution around the cylirder ia such that the Magnus
forces wmay act in either dirsction depending on the magnitude of tiae local
Reynoldg number and consequent boundary-layer separation poasition. It i3
conceivable then that the combinativn of ths local cross-flow Feynolds
nunber, model surface condition, and pesslble shock-boundary layer inter-
action along the model surface may set up conditiona favorabls to '"'raversed”
Magnus forces such 18 thoae measured during the test. Trom Figures 3
through 10 1% can be gseen that the mriation in the Magnus ccefficients with
Reynolds number 1s wide-epread. This 13 eapecially true for the highar
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angles of attack. In general, 1t 13 tbought that =much of the suspected
Reynolds nusber effect btelisved to be present in the Magnus coefficients
has been oblitereated by the scwmawhat large experimsntal error in the

"rav" Magnus data., The smail megnituds of the Magnus forces and momeuts
together vith the relatively lsrge normal forces and pitching moments
experienced by the bomb impede, to a certain extent, ccapatible simultaneous
neasurements of these forces and woments using the type of balance system
necessitated by the test paramsters.

16, Pigure il indicstes that the Magnus force and aoment characteristics
of the bomd ars highly non-lineer with increasing Mech number, especially
in the region of K = 1.0 and above. It is t0 be noted that Pigure 1l shows
the Magnus furce and mooent coofficient ouly at a spin 1ate of 2000 RPM
and for a free-stream Reynolds number of & x . However, since the
Magnas data at any given angle of atteck is lipear with modal spin rate,
the Jdata shown in Figure 11 are representative of the variation of the
hagnue charactaristics vith Mach number for all spin rates, at lesst up to
2000 FPM. [Dbte that the megnitude of the mexizum Magnus moment (at M = 0.60)
18 only 15 percent of the maximym pitching moment of the bomb at 22 dagrees
azgle of attack.

17. A previowe inwastigation of the bomb at a Reynolds number of 6.3 x 106
and & Mach nuaber of M = 0.22 (roference b) indicates that little changs in
the Mognus charscteristice might be expected betwoen M » 0.50 and M = 0.22,

18. PFigures 12 through 19 show the normel force snd pitching moment
charactaristice of tbe bomb for verious roll orientations frowm 0 to 180
degress. The zsaro legree roll position is taken to be the position of the
node) vben the wounting lugs (Figure 2) 1lie in the pitch plans of the model
and the fins ars displaced 45 degrees from thet plans. Figures 12 through 19
also shov the variation of the norzal force center of pressurs vith angle of
ttack for varicus roll positions. It is evident from axamination of these
data that the bcmb is statically stable throughout the test Mach number range.
To bs noted i3 the expected large weriation in pitching moment and normal force
that occurs as the model i3 rolled 45 degrees from the zero reoll position.
In geperal, at 22 degrees angie of attack an averzge increase of 75 percent
{n the pitching moment coefficient occurs for a rull dizplacemsnt of 45 degrees
frcm the zero roll positicn at Mach nunmbers of M = 0.60 through M = 1.25.
Siailsr increagzee ja the rormal force coefficients amount to approximately 10
percent at M = 1.25 to about 25 percent at M = 0.60. The center of pressure
travel dus to angls of attack {ncrease ia relatively smal), varying less than
one-half caliber =t Jost Mach nuabers.

19. Figure 20 ivdicates that th2 variation of the normal-force and pitching-
mcoe nt coefficients with Mach number 13 generally sligzht for Mach numbers
belov approximately M = 1.0. An appreciable variation i3 noted, however, ot

7
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angles of attack above 16 degrees whére a somewhat precipitate drop in
the pitching-moment coefficient occurs as the Mach number is increased
beyond M = 1.0. The decrease is due, however, to a forward travel in
the centsr of presswre rather than a loss in lift.

20. Figure 21 shows a carparison of the normal-force ami pitching-moment
coefficieat slopes, Cy, and Cp,, respectively, from wind-tunnel and free-
flight measurements (reference g). The cross-hatched band depicts the
waxioum and minimux linits of the slopes dus to static model roll positions
of § = 45° and § = O° respeciively. As indicated on the plot, the broken
curves illustrate the variation of the alopes as deterzined from free~flight
socugurements in the NOL Prescurized Ballistics Range and from vwind-tunnel
mesasurenents made with the nodel spinning at the meximum rets of 2000 RPM.
Data from these tests are counidered to Le scomevhat less reliabls than the
static or free-flight data cince considarabla scatter was pressnt in the
coefficients at lov angles of attack. These latter messurezsats vere, of
course, subject to the same cisturbances as previocusly cited for the Magnus
pessurements and becauca of tais are plotted cnly for a qualitative comperison
vith the static and free-flight slopes. As can be noted from Figure 21, the
normel-force coefficient slopcs from the atatic and Ifree-flight data agree
quite well except at the higher Mach numbevs above approximatoly M = 1.05.

The moment slopes are not in ag good agreement, the free-flight data indicating

less "stability" at Mach numberz in the range 0.9 M =1.1 and scasvhat
highsr "stability” in the immediate range around M = 1.0 than is indicated
by tha vind-tunnsl data.

2l. In reference to Figures 22 through 25, it is ususlly assumed that a
crucifern finned projJectile pitched at an arvitrary angle of attaclk will
experience no sids force or yawing moment as long as the fins are in a
symmetrical position relative to the pitch plane. If the projectile is
rolled about the longitudina) axis until the fins are no longer symmetrical
relative to the pitch plape, a side force and yaving moment will app=ar

which are dependent on the roll angle ¢ , and the magnitude of the angle of -

attack, a. Reference (a), in discuseing the action of tha yawing moment

in copnectio= with the phencmenon of so-callad "catastrophic yav," suggests
that for certain special casss the yewing moment day combins with the Magnus
ncaent and thus give rise tc the occasionally-observed large pitching and
yaving motions of spilnuing, fin-etabilized miasilcs.

22, Figures 22 through 25 show the variaticu of the side force and yawing
noment, coefficlente with mode) roll angle for various angles of attack., As
is evident from these data, the coefficleuts are roughly proportional to

ain 4 at any arbitrary angle of attack. It ia to be noted that the tndicated
test pointa on these plota huve been ndjusted by an amount equal to the dis-
placement of the side force cr yawinz mowent ccefficlent from the zero
coefficiant value at zero angle or atiack for each roll position., The
"uncorrected” values of the side foree and yawing moment coefficienta are
tabulated in the Appendix. 7he 3mall "trim’ angles in the data at :ero
angle of attack were assumed to urige from misallgnments or the model aleng
the tunnel centerline and nnt from serodynamic causes,




noments acting on a finned missile may combius whan the missile is rolled
at an angle such that the mcaents are of the same sign. It may be seen
from Figures 22 through 25 that these "critical” angle s for the bomb
apparently oceur in the vicinity of 55°= ¢ <859, and 135°= ¢ <1800,
Note that the magnitude of the yaving moment 1s considerably lses for

550 ¢ < 85°, In this range, the mounting luge are locaiad in the lse-zide
of the model and skeved relative to the pitch pluns at ariles of attack.
Thus, it is.possible that the lugs may influence tkhs bodly-shed vortices in
such & menner as to introduce an interfersnce effect vhich would be felt by
the fins with a resultant variation in the magnitude of the yawing wowment in

this roll angle range.

2k, In general, the yaving moment i{s little affected by Mach number at
angles of attack of 16 degress snd belov, At higher angles, hovever, and,
in particular at model roll angles vhere the peak, positive yaving moments
occur, t' variation of the yav momwent vith Mach number 1is somevhat erratic
and inconclusive.

25. Static rolling moment coefficients are shovn in Figures 28 through 29
g2 & fuscticn of model angls of attack and roll orisutaticn. As may be
noted from these plots, thé rolling moment cosefficient iz also

dependent on sin 44, at least for angles of attack of 16 dsgrees and abovs.
The relatively constant moment experienced by the model at angles of attsck
of 12 degrees and belovw indicate that little or no induced Toll affacts

are present st these angles.

26. The variation of the roll moment cosfficient with Mach number appears
to be negligible at )12 Cegrecs angls of attack and below. At the higher
angles, hovever, if the peak positive and negative moments are considered,
the maximm acoents shov somevhat different characterissics. In genersl,

it is swen tuat Tor roil angies of # equal to approximately 22.5 amd 112.5
degreec, the tendenzy of the maximum roll coefficient 13 t0 decrsase with
{acreasing Msch number from M = 0.60 to M = 1.25. For roll angles of ¢ = 67.5
degrves and 157.5 degrees, the roll coefficient gensrally incresses (i.e., a
larger negative mouwent 1n this cese) except for a small region between
M=0.9 toM = 1,0, Here, the rolling moment coefficient decreases gquite
rapidly, appearing almost as a discontinuity for certain angles of attsck,
but increasing once again beyond M = 1.0,

27. Pigure 30 shows the variation of tie spin paramater, pd/2v, as a
function of angle of attack for varioua Mach numbers. Tor these tests,

1t wa3 dasired to obtain some idea of the equilibrium spin rate oY the

bomb with increasing angls of attack. By removing the motor and gearing
structure the model was free to rotate, presunably scwmevhere near ths
equilibrium spin rate. GSince it was not possible to determina the bearing
friction in the model, Figure 30 zhows only a qualitative rspresentation of
the npin history. Frcm thase data it appears that the model spin reaches a
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23. As previcusly menticned, refersnce (a) suggests that for certain -
cases (viz., "lunar motion" or "resonance") the yaving and Magnus
i
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maxinum at some angle of attack arcund 18 - 20 degrees for the lover
Mach uumbers. Above M = (.95, however, a peak is reached at somevhat
lover angles. Note the fairly rapid drop in apin rats that occurs .
aound M = 1.25. , "

28. Previous low-speed investigations on the Low-Drag Bomb (MOL un- A -
published data) have indicated that a similur "speed-up" in roll rate P
occurs vhea the bomb i3 subjected to angles of attack above upproxiutoly !

30 degrees. Results of these tests shovw that the spin rate can approasa "
values as high as four times the zero angle of attack roll rate, depending '

on the angle of attack. Tests are presently being carriad out in the

Smoke Tunnel at the University of Notre Dume in an effort tg dstermire

and subsequently control the eerodynamic machanism governing the roll '
speed-up phenomenon. ’

25, PFigure il presents the zero-lift drag coefficient of the bomb with f
and wvithout mounting lugs attached to ths bewb. For ccuparison, the total !
zero-1lif¢ drsg coefficient of the bomb datermized from firings of a 0.056-

scalc model vith lugs in the NOL Pressurized Ballistics Range 18 also

ahrmm !Mf.mn. n\ It shaunld he natad that the wind tunnal soadfinianta i

—e—wene \TWwaweweiw WU A AW

have boon -d.juntod to zaro bage drmg. Accordingivy, the solid curves in
Figure 31 are reopresentatize of only the vave drag plus exin friction
drag of the model. It may be noted from thase curves that the drag
cosfficient shows the characteristic trausonic dreg rise et approximately [
Mel.05 te 1.10. The incresce in drag due to mounting lugs 1s fairly |
congistent throughout the Mach number rango, aversging approximately 0.025 ;
in terms of the cverficient value. i

Summe.xy

30. In suwmary, the recults pivsented in this report shov that the Magnus
force and moment coefficients of the Lomd ars linearly dependent on the
bomd rotational spesd. It is seen that the Magnus force and moment are
also dependent on the free-stream Reynolds numben ir some cases baing of
opposite sign due %G reversed Magnus forcee axperienced at the lower
Reynolds numbers. In addition, the Magnus coefficients are sewn to be
generally non-linear vith angls of attack and of relatively small magnitude

compared to the static normal force and pitching moment coefficients.

31. The results alan show the bomb to be statically stable at all anglas

of attack. It 13 2een that atatic normal forces and pitching moments vary
appreciably with fia-roll orisantation. A roll diaplacement of 45 degrees
from the zerc roll po4ition can increase the pitching moment by approximately
75 parcent and thu normal foree up to 25 percent. 3Static aide forces =nd
zoments, and static relling moments, were also found to be non-linear with
increasing angle of attack. Variation of these coefficiants vith modal

roll angle is rougkly proportional to sin L4 for angles of sttack above
upproxizately 12 degrees. In addition, it 13 seen that the drag riss dus
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to mounting lugs is fairly small over the test MacL aumber range,
sveraging only 0,025 in terms of tie coefficient value.




(a)
(v)

(o)
(a)

(o)

(g)
(n)
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TABLE T .

Tast Conditions

Run Mach No. Dynamic Pressure Reynolds gg. Measure- Roll Angle

(1ba/rt2) ¢ 1 psr (Re x 10° ment (§ ~Degraes)
1l 1.25 213 2 Magnus
2 1.20 205 2 Magnus
3 1.10 197 2 Magnus
L 1.00 187 2 Magnus
5 0.95 180 2 Magnus
6 0.90 177 2 Magnus
8 1.25 ka7 4 Magnus
2 1.00 374 h Magnus
30 1.20 b1y L Magnus
ll 1. 16 TR i'. . M‘u
1 0.95 359 4 Magpus
13 0.90 kL8 h Magnus
1k 0.80 317 4 - Magnus
15 0.95 529 6 Magnus
16 0,90 514 6 Magnus
17 0.80 v é Magnus
18 0.60 384 6 Magnus
19 0.60 384 6 Magnus
W7 1.25 L27 4 &-cottpo- o°
nent
static
43 1,20 11 L 6-compa- 0?
neat
static
L9 1.10 354 4 6-cospo- o°
nent
static
50 1.00 374 4 6-~coapo- Q°
nent
atatic
5 5.95 359 L 6ccapo- 0°
nent
statlic
52 0.90 348 2 b-compo. 0°
nant
3tatic
53 0.80 317 4 &~compo- 0°
nent,
Jtatic
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TARLE I (Cont'd)

Run  Mach No. Dymamic Pressure Reynolds }Jo. Measure- Roll Angle
(1vs/7t<) 4+ 1 pef (Re x 107°)  ment (# -Cogrees)

Ser 0.60 251 y 6-ccmpo~ 0°
nent
stati.

55 1.25 k27 4 6-conpo~- 11.249
nent
static
nent
static

57 0.90 348 L 6-compo- 11.25°

nent

static

5-6(‘-"1116- 11.2%

nent

static

59 1.25 4a7 L 6 -coupo- 22,50°
nent
static

60 1.10 354 4 6-compo- 22.50°
nent
static

61 1.00 kYL b 6~coapo- 22.50°
nent
static

62 0.90 348 4 6-compo- 22,.50°
nent
static

63 0.60 251 4 6 -compo- 22.50°
nent
static

6l 1.25 k27 L 6-compo- 33.75°
nent
static

65 1.00 3L L 6-compo- 33.759
nent
gtatic

K6 C.50 348 L 6-compo- 33.75°
nent
static

&1 0.60 251 L 6 ~cempo- 33.759
nent
gtatic

68 1.25 hat 4 $-compo- 45.00°
rnant
Jtatic

W
a
©
S\
»
n
wy
Putd
=
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TABLE I (Cont'd)

Run Maeh No.

Dynamic Pressure

Reynolds Yo.

(ibs/rt2) ¢ 1 psr (Re x 107°)

Measure-
mant

Roll Angle
(¢ +Degrees)

69

T0

T1

T4

75

76

78

79

81

83

1.10

1.00

0.90

0.60

1.25

1.0

0.50

0.60

1,25

1;00

0.90

354

T

47

37k

348

b27

ITH

348

o~

6-compo-
nent
static
6-compo-
nant
static
6-conpo-
nent
static
6-campo-
nent
static
G-compo-
nent
static
6-compa-
nent
static
6-compo-
nent
static
6-compo-
asot
gtagic
6-compa-
nent
static
6-compo-
nent
atatic
6-campo-
nent
static
6-compo-
nent
gtatic
6-compo-
nent
atatic
6~compo-
nent
atatic
6-ccmpo-
nent
atatic

45.00°0

Ls 009

Ls.00°

90-000

112,50°

112,5¢°

112,509

)

N 4
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TABLE T (Cont'd)

Run Mach No. Dynamic Preasure Reynolds
(1bs/rt2) & L pst {(Re x 107

Measure-
ment

Roll 1
(F ~Degreas)

8l 0.60 2251

85 1.25 27

86 1.00 374

348

9
8

3
(=]
.
4
1
L]
“n
-

69 1.25 ka7
90 1.00 374
9 c.90 348
% 0.60 251
93 1.25 ka7
9k 1.20 L1l
95 1.20 G4
96 1.00 374
97 0.90 343

93 0.60 €51

=

6-compo-
nent
static
6-compo-
rient
static
6-compo-
nent
atatic
6-caapo-
nent
statie
S-compoe
aent
static
6-ccmpo-
nent
static
6-compo-
nent
static
6-compo-
nent,
static
6-compo-
nent
static
6-compo-
neant,
static
6-compo-
nent
stutic
&~compo-
r.ent
static
HecCmpo=
nent
Jtatic
S-campo-
nEnd
jtatia
fH-cormo-
~ant

32t

112.50°
135.00°
135.00°

135.00°

157.00°
157.00°
180.00°
180.00°

180,00°

180.00°

180.c¢9
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Appeandix

The Appendix lists the atatic coefficients obtained at a Reynclds
number of 4 x 10° for various roll angles from O degrees to 180 degrees.
Columr nomenclature is 1iatad at the top of the columms as shown on the
first pages of the tabulaled data.
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